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RESISTOR AND ITS MANUFACTURING METHOD 

FIELD OF THE INVENTION 

The present invention relates to the field of resistors used for detecting 
current in a current-carrying, circuit as a voltage, and their manufacturing method. 



0 BACKGROUND OF THE INVENTION 

The conventional resistor of this type is disclosed in Japanese Laid-open 
Patent Publication No. H6-20802. 

A conventional resistor is described below with reference to drawings. 
5 Fig. 29 (a) is a perspective, and Fig. 29 (b) is a sectional view of the 

conventional resistor. 

In Figs. 29 (a) and (b), a resistor element 1 is a rectangular parallelepiped 
resistance metal made of an alloy of nickel, chromium, aluminum, and copper, and it 
has an integrated structure with opposing ends 2 and 3. A conductive material such 
0 as solder is coated on both ends 2 and 3 of the resistor element 1, typically by plating, 
to form terminals 4 and 5. A central portion 6 is the central area of the resistor 
element 1, excluding the terminals 4 and 5, and this central portion 6 is bent against 
the terminals 4 and 5 in order to create a gap between the resistor and a substrate 
when the resistor is mounted on the substrate. An insulating material 7 is provided 
5 on the central portion 6 o^ the resistor element 1. 
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A method for manufacturing the conventional resistor configured as above is 
described below. 

Figs. 30 (a) to 30 (e) are process charts illustrating the manufacturing method 
of the conventional resistor. In Fig. 30 (a), the rectangular parallelepiped resistor 
element 1 having an integrated structure made of an alloy of nickel, chromium, 
aluminum, and copper viith a predetermined resistance is formed. 

In Fig. 30 (b), a conductive material 8 is plated on the entire face of the 
resistor element 1 (not illustrated). 

In Fig. 30 (c), the conductive material 8 coated on the central portion 6 of the 
resistor element 1 is scraped off with a wire brush so as to expose the resistor element 

1 at the central portion 6. 

In Fig. 30 (d), the terminals 4 and 5 disposed at the sides of the resistor 
element 1 are bent downward against the central portion 6 of the resistor element 1. 

Lastly, in Fig. 30 (e), the central portion 6 of the resistor element 1 is covered 
with an insulating material 7 by molding to complete the conventional resistor. 

The above conventional resistor achieves the integrated structure of the 
resistor element 1 and terminals 4 and 5 by bending the resistance metal, and the 
resistor element 1 is made of an alloy of nickel, chromium, aluminum, and copper. 
The terminals 4 and 5 are configured by plating a conductive material such as solder 
on the surface of both ends 2 and 3. 

The electrical conductivity of the alloy of nickel, chromium, aluminum, and 
copper configuring the resistor element 1 has lower electrical conductivity than 
metals generally having good conductivity such as copper, silver, gold, and 
aluminum. Since the base material of the terminals 4 and 5 is made of the same 
alloy as that of the resistor element 1, the base material configuring the terminals 4 



and 5 has a larger resistance in proportion to its smaller electrical conductivity 
compared to metals generally having good conductivity. Accordingly, both ends 2 
and 3 of the resistor element 1 are coated, such as by plating, with a conductive 
material such as solder in order to reduce resistance. 
5 In the case of resistors having large resistance in the conventional 

configuration, resistance at the terminals 4 and 5 is reduced by coating a conductive 
material such as solder on the surface of both ends 2 and 3 of the resistor element 1, 
and thus the difference in resistance between the resistor element 1 and terminals 4 
and 5 becomes extremely large. Consequently, the composite resistance of the 
10 resistor element 1 and terminals 4 and 5, which is the overall resistance of the resistor, 
may be represented by only the resistance of resistor element 1, aUowing to ignore 
the resistance at the terminals 4 and 5. 

However, in the case of resistors with a resistance of 0.1 ohms or below, the 
resistance of the terminals 4 and 5 in the entire resistor cannot be ignored. For 
15 accurate measurement of the resistance of a resistor with a high resistance, the four- 
probe method is generally used. However, for measuring the resistance of a resistor 
with a resistance of 0.1 ohms or below, the resistance varies according to the position 
of the probe contacting the terminals 4 and 5, even the four-probe method is used, 
because the resistance of the terminals 4 and 5 affect the resistance of the entire 
20 resistorwithincreasingresistanceoftheterminals4and5. In this case, fluctuation 
in resistance due to deviation in the measuring point on the terminals 4 and 5 
increases as the proportion of the resistance of the terminals 4 and 5 in the entire 
resistor increases. Accordingly, it is necessary to specify the measuring point for 
reproducing measurements with high accuracy in the conventional configuration. 
25 However, assuring the reproducibility of the same measuring point is extremely 



difficult even when the measuring point is specified, thus decreasing the 
reproducibility of the resistance measurements. 
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SUMMARY OF THE INVENTION 

The present invention aims to address the above disadvantage of the prior art, 
and provides a resistor which assures highly accurate measurement of resistance even 
if the measuring point is not precisely placed. 

To solve the aforementioned disadvantage of the conventional resistor, the 
resistor of the present invention comprises a sheet metal resistor element and separate 
nretal terminals electrically comrected to both ends of the sheet resistor element. 
Tliese terminals are made of metal having the same or greater electrical conductivity 
than that of the resistor element. 

With the above configuration, resistance of the terminals can be made 
smaUer than .ha, of the resistor element because the terminals are made of a material 
having the same or greater electrical conductivity than that of the resistor element. 
This enables to reduce the proportion of resistance of the terminals in the entue 
resistor, allowing to ignore its effect on fluctuation of resistance due to deviaOon m 
measuring points of a resistance measuring terminal. The presem invention can thus 
assure reproducibUity of highly accurate measurement of resistance, provtdmg the 
resistor which assures highly accurate measurement of resistance even if the 
measuring point is not precisely placed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Pig 1 (a) is a sectional view of a resistor in accordance with a first 

exemplary embodiment of the present invention. 

Fig. 1 (b) is a plan view o, the resistor in accordance with the f .s. exemplary 
5 embodiment Of the present invention. 

Fig (c) is a side view of a terminal, a key part, of the resistor m accordance 
with the firs, exemplary embodiment of the present invention seen from an open s.de. 
Figs 2 (a) to 2 (d) are process charts illustrating a meUtod for manutacturmg 
1 a,,,esistoru,accordancewititthefirstexemplar,embodimentofthepresen. 

€i TO invention. 

S Hg. 3 is a sectional view of another example of the resistor in accordance 

f Witt Ae first exemplary embodiment of the present invention, 

g Fig. 4 (a) is a sectional view of a resistor in accordance with a second 

?i exemplary embodimem of tite present invention. 

Hg. 4 (b) is a plan view of the resistor in accordance with the second 
exemplary embodiment of the present invention. 

Fig. 5 is a sectional view of a resistor in accordance with a third exemplary 

embodiment of the presem invention. 

Fig 6 is a side view of a terminal, a key part, of a resistor m accordance wtth 
a fourth exemplary embodiment of the present htvention seen from an open s.de. 

Fig. 7 (a) is a sectional view of a resistor in accordance with a fifth 
exemplary embodiment of the present invention. 

Hg. 7 (b) is a plan view of the resistor in accordance with tire fifth exemplary 

embodiment of the present invention. 
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Figs. 8 (a) to 8 (d) are process charts illustrating a method for manufacturing 
the resistor in accordance with the fifth exemplary embodiment of the present 
invention. 

Fig. 9 (a) is a sectional view of a resistor in accordance with a sixth 
exemplary embodiment of the present invention. 

Fig. 9 (b) is a plan view of the resistor in accordance with the sixth 
exemplary embodiment of the present invention. 

Fig. 10 (a) is a sectional view of a resistor in accordance with a seventh 
exemplary embodiment of the present invention. 

Fig. 10 (b) is a plan view of the resistor in accordance with the seventh 
exemplary embodiment of the present invention. 

Fig. 11 (a) is a sectional view of a resistor in accordance with an eighth 
exemplary embodiment of the present invention. 

Fig. 11 (b) is a plan view of the resistor in accordance with the eighth 
exemplary embodiment of the present invention. 

Fig. 11 (c) is a side view of a terminal, a key part, of the resistor in 
accordance with the eighth exemplary embodiment of the present invention seen 

from an open side. 

Fig. 12 is a side view of another example of a terminal of the resistor in 
accordance with the eighth exemplary embodiment of the present invention seen 

from an open side. 

Fig. 13 (a) is a sectional view of a resistor in accordance with a ninth 

exemplary embodiment of the present mvention. 

Fig. 13 (b) is a plan view of the resistor in accordance with the ninth 
exemplary embodiment of the present invention. 



Fig. 14 (a) is a sectional view of a resistor in accordance with a tenth 
exemplary embodiment of the present invention. 

Fig. 14 (b) is a plan view of the resistor in accordance with the tenth 
exemplary embodiment of the present invention. 

Fig. l4(c)isasectionalviewof aterminalcutwidthwiseof theresistorm 

accordance with the tenth exemplary embodiment of the present invention. 

Fig. 15 (a) is a sectional view of a resistor in accordance with an eleventh 
exemplary embodiment of the present invention. 

Fig. 15 (b) is a plan view of the resistor in accordance with the eleventh 
10 exemplary embodiment of the present invention. 

Fig. 16 is a sectional view of a resistor in accordance with a twelfth 
exemplary embodiment of the present invention. 

Fig. 17 is a sectional view of a resistor m accordance with a thirteenth 
exemplary embodiment of the present invention. 

Fig. 18 is a sectional view of a resistor in accordance with a fourteenth 
exemplary embodiment of the present invention. 

Figs 19 (a) to 19 (c) are process charts illustrating a method for 
manufacturing the resistor in accordance with the fourteenth exemplary embodiment 

of the present invention. 

Fig. 20 (a) is a sectional view of a resistor in accordance with a Ofteenth 

exemplary embodiment of the present invention. 

Fig. 20 (b) is a plan view of a surface of the resistor in accordance wrth 
fifteenth exemplary embodiment of the presem invention. 

Fig. 20 (c) is a plan view of a rear face of the resistor in accordance wtth the 
25 fifteenth exemplary embodiment of the present invention. 
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Fig. 21 (a) is a sectional view of a resistor in accordance with a sixteenth 
exemplary embodiment of the present invention. 

Fig. 21 (b) is a plan view of the resistor in accordance with the sixteenth 
exemplary embodiment of the present invention. 

Fig. 22 is a sectional view of another example of the resistor in accordance 
with the sixteenth exemplary embodiment of the present invention. 

Fig. 23 is a sectional view of a resistor in accordance with a seventeenth 
exemplary embodiment of the present invention. 

Fig. 24 (a) is a sectional view of a resistor in accordance with an eighteenth 
exemplary embodiment of the present invention. 

Fig. 24 (b) is a plan view of the resistor in accordance with the eighteenth 
exemplary embodiment of the present invention. 

Figs 25 (a) to 25 (e) are process charts illustrating a method for 
^manufacturing the resistor in accordance with the eighteenth exemplary embodiment 

of the present invention. 

Fig- 26 (a) is a sectional view of a resistor in accordance with a nineteenth 

exemplary embodiment of the present invention. 

Fig. 26 (b) is a plan view of the resistor in accordance with the nineteenth 
exemplary embodiment of the present invention. 

Fig. 26 (c) is a sectional view taken along Line A-A in Fig. 26 (b). 

Figs 27 (a) to 27 (e) are process charts illustrating a method for 
manufacturing the resistor in accordance with the nineteenth exemplary embodiment 

of the present invention. 

Fig. 28 (a) is a sectional view of a resistor in accordance with a r».ent,eth 

i exemplary embodiment of the present invention. 



. Fig. 28 (b) is a plan view of the resistor in accordance with the twentieth 
exemplary embodiment of the present invention. 

Fig. 28 (c) is a sectional view taken long Line B-B in Fig. 28 (b). 

Fig. 29 (a) is a perspective of a conventional resistor. 

Fig. 29 (b) is a sectional view of the conventional resistor. 

Figs. 30 (a) to 30 (e) are process charts illustrating a method for 
manufacturing the conventional resistor. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fi Tf j t PYP.mplar\f pmbo diment 
A resistor in a firs, exemplary embodiment is described below wia> reference 

to drawings. 

Fig. 1 (a) is a sectional view of the resistor in the first exemplary 

XT- 1 rK^ -1 nlan view of the resistor, and 
embodiment of the preseminvenuon. Fig. 1 (b) .s a plan vrew o 

Fig. 1 (0 is a side view of a terminal, a key part of the resistor, seen from the open 

In Figs 1 (a) to 1 (c). a resistor element 11 is made such as of a sheet of 
copper-nickel alloy. nickel,chromium alloy, or copper-manganese-nickel aHcy^ 
FilLdsecondterminalsnandXShaveaconcavegrooveUofawidthkwhrch. 

e,„ivalen. to a thickness T of the resistor elemem U. and are provided and 
electrically connected to both ends of the resistor element 11. The thickness . o, 
Urese fust and second terminals 12 and 13 is thicker than the thickness T o^e 
resistor element 11; their width m is equivalent to or wider than the width W of 
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resistor elemen. 11; and .heir length w is shoner than the length L of the resistor 
element 11 The first and second terminals 12 and 13 are made of metals such as 
copper, silver, gold, aluminum, copper nickel, or copper zinc with the same or greater 
electrical conductivity than that of the resistor element 11. 

A manufacturing method of the resistor in the first exemplary embodiment of 
0,e present invention as configured above is described next with reference to 

drawings. u j * 

Figs. 2 (a) to 2(d) are process charts iUustrating the manufacturing method of 

Ure resistor in the first exemplary embodiment of the present invention. 

In Fig 2 (a), a metal sheet or metal strip such as of copper, silver, gold. 

aluminum, copper nickel, and copper zinc having electrical conductivity equivalent to 

or greater than the resistor element 11 (not illustrated) is formed into the first and 

second terminals 12 and 13 having the concave groove 14. using a range of processes 

including cutting, casting, forging, pressing, and drawing. The firs, and second 

terminals are formed in a way .o achieve the next dimensions: Width k of the 

concave groove 14 equivalent to Ae .hickness T of the resis.or elemem 11. .hrckness 

t thicker than the thickness T of the resistor elemem 11. width m equivalent to or 

wider than the width W of the resistor element 11. and the length w shorter than the 

length L of the resistor element 11. 

in Fig 2 (b). a metal sheet or metal strip such as of copper-nickel alloy, 
.uckel-chromium alloy, or copper-manganese-nickel alloy is formed into the resistor 
element 11 having a predetermined sheet shape and predetermined resistance, 
calculated from the volume resisitivity . section area, and length, through a range of 
processes including cutting, punching, and pressing. 



^ ^ (c), after f..«ng bo.h ends of *e resistor e.en.e. U into Ure ^oove 
;3:lt!;r=sse...Hever.ic..— (.*ea.e.o„o.^ 

"LHg2(a).apro.ecUverUml6o,adeofafUn,suc.asofepox,res», 
r I L-carbodunUde resin is cu. into a prede,enni.ed Shape by 
"•T::::Ca;s..andisp,aced„n*e.opand.o„cn,o,*^ 

... nf the resistor element 11 by thermal compression bondmg or 

^'^^"'::t:icno..er.in...endson.resis.ore.en.en.U.^^^^^^^ 
,.„..e.irs.andse.o„d.er.n.a.s.and..a,..ro.^^^^^^ 
second .ennina IS 12 and 13 or fron. ,he side face of .he firs, and 

15 12 and 13. ^i,^ fi,ct exemolary embodiment 

For adjusUng. he resistance of. he resrstorm. he f«s.exemp 

. venUo. a .hrough groove may be crea.ed on ,he res,s.or elenren. U 
ofAe present mvenuon, a. luoug gi , n may be cu. by laser, 

ddf face of .he resis.or elemen. 11 may o<s >. 
a part of the surface and/or side 

1,- diamond wheel cutting, grinding, etchmg, or the like wm 
punchmg, diamond wn i.ti.a the required processing after 

..between predetermined points or calculatmg the reqmr p 

20 resistance between pre t.H nr corrected at the 

• resistance The resistance may also be adjusted or correcte 
measurmg the resistance. 

time of forming the resistor element 11. resistor element 11 

H a material with a lower electrical conductivity than the resistor e 
. 3ed for the first and second terminals 12 and 13 in the resistor as manufac ured 
,3 i:::;:tionsintheresistancedueto — .theposi^ 



L second tenninals 12 and 13 n.ade of a .a.ria. having e,ec«ca. conduCvty 
eqmvalent.0 or greaKr than to. of .h. resistor element 11. 

Deviations in resistance due to the position of measuring pomt may also be 
,educedbymaKingti.ethic..ess.of the first andsecondterminalsia and 13 grea^r 

ton ti-e tiUCuress T of the resistor element 11. In particular, the .h.cl=„ess t of tite 

f^t and second terminals 12 and 13 may be required to be three times or more 
neater than the tiUcl^essTof the resistor element 11 to achieve allowable d.spersron 

in resistance fully satisfying in-house specification. 

Hg. 3 shows anotiter example of a resistor in the firs, exemplary embodtment 

of the present invention. 

^ Rg 3 a third conductive metal layer 15 is provided between .he res,s.or 

elemen. 11 and .he firs, terminal 12 and between tire resis.or elemen. 11 and .he 
second .erminal 13 .o provide an elecrical com.ec.ion between the resistor element 
n and tire flrst terminal 12, and between tire resis.or elemen. 11 and tire second 
.erminal 13. For bonding ti.e resis.or elemem 11 and the frrst and second termmals 
Zdl3,arangeofmethodsmaybeused:(l)weldi„g;(2)bra..gaftermsertir.ga 

.Hird conductive me., such as cop^r, silver, gold, tin, and solder bebveen tire 
.esis.or element 11 and the first and second terminals 12 and 13; (3) platmg .he 
.sis.or elemen. 11 and firs, and second terminals 12 and 13, and thermal 
compres3ionbondingafternttingti,eresistorelementllintothefirs.and.c^^^ 

.erminals 12 and 13; and (4) applying conductive paste to the reststor elemen. 11 and 
rfirs.andsecond.erminals,and.hen.hermose..ing after n..ing.heres.s.or elemen. 

11 into the first and second terminals 12 and 13. 



13 



«^^^9nH p-yemplarv embodimsnt 
A resistor in a second exemplary embodiment of the present invention is 
described below with reference to drawings. 

Fig. 4 (a) is a sectional view, and Fig. 4 (b) is a plan view of the resistor in 
the second exemplary embodiment of the present invention. 

In Figs. 4 (a) and 4 (b), a resistor element 17, made typically of copper-nickel 
alloy, nickel-chromium alloy, or copper-manganese-nickel aUoy, is corrugated in the 
thickness direction. First and second terminals 18 and 19 have a concave groove 20 
of the width k which is equivalent to the thickness T of the resistor element 17, and 
are provided and electrically comiected to both ends of the resistor element 17. The 
thickness t of these first and second terminals 18 and 19 is thicker than the total 
thickness V of the resistor element 17; their width m is equivalent to or wider than 
the width W of the resistor element 17; and their length w is shorter than the length L 
of the resistor element 17. The first and second terminals 18 and 19 are made of 
metals such as copper, silver, gold, aluminum, copper nickel, or copper zinc with the 
same or greater electrical conductivity than that of the resistor element 17. 

A manufacturing method of the resistor in the second exemplary embodiment 
of the present invention as configured above is described next with reference to 
drawings. 

The manuf acmring method of the resistor in the second exemplary 
embodiment is the same as that described for the resistor in the first exemplary 
embodiment using Fig. 2. A metal sheet or strip such as of copper-nickel alloy, 
nickel-chromium alloy, or copper-manganese-nickel alloy is formed into the resistor 
element 11 having a predetermined sheet shape and predetermined resistance, 
calculated from the volume resistivity, section area, and length, through a range of 
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processes including cuning, punching, and pressing. A de«a which differs from U,e 
first exemplary embodiment is that, after fonning the resistor element 11 as described 
above, a sheet of resistor element 11 is corrugated in the thickness direction in 
accordance with dimensions required for the resistor, so as to fonn the resistor 

element 17. 

The resistance of the resistor in the second exemplary embodiment may be 
increased by bending the resistor element 17 in such a way that the length L of the 
resistor element 17 is increased in the longer side direction. On the other hand, the 
resistance of this resistor may be reduced by rotating it 90«, that is to bend it in a way 
SO that its width W becomes longer. 

When the resistor element 17 is bent in the width W direction, some other 
changes in its shape may be required. More specifically, the first and second 
terminals 18 and 19 may require a broader width k for the groove 20 to match the 
total thickness V in the bending direction of the resistor element 17. Or, the edge of 
the resistor element 17 may not be bent m order to fit the resistor element 17 into the 
original width k of the groove 20. 
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X h^rH p.yp-mplq ry embodiment 
A resistor in a third exemplary embodiment of the present invention is 
described below with reference to a drawing. 

Fig. 5 is a sectional view of the resistor in the third exemplary embodiment 

of the present invention. 

In Fig. 5, a resistor element 21 is made typically of copper-nickel alloy, 
nickel-chromium alloy, or copper-manganese-nickel alloy. An insulating sheet 22, 
made such as of alumina, glass , glass fiber impregnated epoxy resin, or paper 
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impregnated phenoUc resin, has .he same dimensions as .he .op or bonom face of tire 
resistor elemen. 21, and is disposed at leas, on the .op or bonom face of .he resistor 
elemental. First and second terminals 22 and 23 have a concave groove 25 of fl.e 
width k which is equivalent to fte sum T of Ae Urickness T, of fte resistor elemen. 
21 and the ftickness T. of .he msulating sheet 22 . and are provided and electrically 
comrected to both ends of Ure resis.or element 21. Tire thickness t of these first and 
second terminals 18 and 19 is Ihicker ftan the sum T of the thickness T, of the 
resistor element 21 and the tfuckness T. of die insulating sheet 22; Uteir widd. m is 
equivalent to or wider flian Ure wid.h W of .he resistor elemen, 21; and .heir lengUx w 
is shorter dran the lengAL of U,eresis.or element 21. The first and second 
terminals 23 and 24 are made of metals such as copper, silver, gold, aluminum, 
copper nickel, or copper zinc with the same or grea.er electrical conductivity than 

that of the resistor element 21. 

A manufacturing method of the resistor in the third exemplary embodiment 
of the present invention as configured above is described next with reference to 
drawings. 

The manutacmring method of the resistor in .he .hird exemplary embodiment 
is substantially the same as that described for the resistor in the Erst exemplary 
embodiment using Fig. 2. A metal sheet or metal strip such as of copper-mckel 
alloy nickel-chromium aUoy, or copper-manganese-uickel alloy is formed into the 
resistor element 21 having a predetermined sheet shape and predetermined resrstance, 
calculated from the volume resistivity, secdon area, and length, through a range of 
processes including cutting, punching, and pressing. A detail which differs from the 
first exemplar, embodiment is that, af.er forming .he resistor element 21 as descrrbed 
; above, the insulating sheet 22 made such as of alumina , glass, glass impregnated 
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epoxy resin, or paper U„preg„a.ed phenoUc resta hav^g .he same two-di— 
.i.e as 4e resistor eleven. 21 is nrade such as by «. cutting, punchmg, and 
pressing, and then attached to the resistor element 21. 

Processes and materials for manufacturing the firs, and second termmals 
, and 24 are the same as those indicated in Fig. 2 (a). However, the thicl^ness . and 
^oove width . of the fust and second termini 23 and 24 differ for the thtclcness o, 
the insulating sheet 22. 

F-nrth "v^tnplanf pmhodiment 
A resistor in a fourth exemplar embodimem of the present invenhon is 
described with reference to drawings. . , , 

Fig. 6 is a side view of a terminal, a key part, of the resistor m the fourUt 

exemplary embodiment of the present invention seen ftom an open side. 

Lig 6. first and second terminals 26 and 27 have a cavity 28 of the same 

shape as a section face in the width direction of the resistor element U. Tire 

.Mless.of.hesefirstandsecondterminals2.and27isthic.ertha„thethtc^s^ 
Xof the resistor e,ementll;theirwidthmise,uivalenttoorwiderthan.hewtdthW 

o, the resistor element 1 1; and their length w is shorter than the length L of «te 

„...orelementll. ^Lttl 
such as copper, silver, gold, aluminum, copper nickel, or cop^r zmc w..h the same 
or greater electrical conductivity than that of the resistor element 11. 

F i fth r TT'- mp l ^ ^ T p-nihodiment 
A resistor in a fifth exemplary embodimem of the presem invention is 
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described with reference to drawings. 
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Fig. 7 (a) is a sectional view, and Fig. 7 (b) is a plan view of the resistor in 
the fifth exemplary embodiment of the present invention 

In Figs. 7 (a) and 7 (b), a resistor element 29 is made such as of a copper- 
nickel alloy wire, nickel-chromium wire, or copper-manganese-nickel aUoy wire. 
5 First and second terminals 30 and 31 have a concave groove 32 of the width 

k which is equivalent to a diameter R of the resistor element 29, and are provided and 
electrically comiected to both ends of the resistor element 29. TK. thickness t of 
ftese first and second terminals 30 and 31 is thicker than the resistor element 29; 
their width m is equivalent to or g«ater than the diameter R of the resistor element 
10 29- and their length wis shorter than the length L of the resistor element 29. The 

fct and second terminals 30 and 31 are made of metals such as copper, sUver. gold, 
aluminum, copper nickel, or copper zinc with the same or greater electrical 
conductivity than that of the resUtor element 29. 

A method for manufacturing the resistor in the fifth exemplary embodiment 
IS of the present invention as configured above is described next with reference to 
drawings. 

Figs. 8 (a) to 8 (d) are process charts illustrating the manufacturing method 
of the resistor in the fifth exemplary embodiment of the present invention. 

U, Fig 8 (a), a metal wire made such as of copper, silver, gold, alummum, 
,0 copper nickel, or copper zinc which have the same or greater electrical conduCivi^ 
than that of the resistor element 29 (not illustrated) is ground, cast, forged, pressed, 
and drawn to form the first and second terminals 30 and 31 having the groove 32 of 
.he width k equivalent to the diameter R of the resistor element 29. Tlte first and 
second terminals 30 and 31 are formed in a way to achieve the next dimenstons: 
„ thickness t thicker than that of the resistor element 29, the width m same or greater 
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.he diameter R of .he ,esis.or el.men. 29, and leng.h w shorter .han .he leng.h L 

of the resistor element 29. 

to Fig 8 (b), a me.al wire such as of copper-nickel alloy, nickel-chromrum 
alloy or copper-manganese-nickel alloy is cu. in.o .he resistor element 29 having a 
S predetermined sheet shape and predetennined resistance, calculated from the volume 
resistivity, section area, and length. 

In Fig. 8 (c), both ends of the resistor element 29 is fined to the groove 32 of 
fte fust and second terminals 30 and 31, and they are thermally pressed in the 
vertical direction of the terminal (direction of holding the resistor element). 

i„ Fig. 8(d), a protective film 33 made such as of a film of epoxyresm, 

polyimide resin, or poly-carbodiimide resin is cut, punched, or pressed in.o a 
predetermined shape, placed over and below the resistor element 29 (not iUustrated, 
The protective film 33 is formed on the .op, bonom, and side faces of the resistor 
elemen. 29 by thermal compression bonding or ultrasonic welding to complete .he 
15 resistor in the fifth exemplary embodiment. 

Both ends of tite resistor elemem 29 may be inserted to the groove 32 of the 
first and second terminals 30 and 31 from Ure open side or from the side face of the 

first and second terminals 30 and 31. 

For bonding the resistor elemem 29 and the first and second terminals 30 and 
,0 31 a range of methods may be used: (1) welding; (2) brazing after inserting a ti,.d 
conductive metal such as copper, silver , gold, tin. or solder between the reststor 
element 29 and the firs, and second terminals 30 and 31; (3) plating and thermal 
compression bonding the resistor element 29 and first and second terminals 30 and 
31- and (4) applying conductive paste ,0 the resistor element 29 and the first and 
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second .enninaU 30 and 31. and «.c„ — «ng after f.«in. .he resistor e.e.en. 



29 into the first and second terminals 30 and 31 



per adjusting the resistance o,.heresis.or..hef.f.h exemplar, e™— 
enHepresent — athrough groove ma, be createdon the resistor element. 
plfthesur,aceandMside.ceoftheresistoreleme„t.9ma,becutl,„aser, 



p:::;diamondwheelcntt.g,grinding,etching.ortheU.ewhUemeasn™t^^ 
LstanLetweenpredeterminedpoUrtsorcalcnlatingre^uiredprocessmgafte^^ 
Is^atheresistance. ..e resistance ma, also . adjusted or corrected a, the 



time 



of forming the resistor element 29. 



A resistor in a 



sixth exemplary embodiment of the present invention is 



described with reference to drawings. 

(a) is a sectional view, and Fig. 9 (b) is a plan vxew of the resistor m 



Fig. 9 

nlarv embodiment of the p] 

element 34 is typically made of a copper- 



, the sixth exemplary embodiment of the present invention. 



In Figs 9 (a) and 9(b), a resistor 
.c.elaUo,l,nic.el.hromi„mwire,orcopper.manganese.nic.e.allo,w„e.ent 

--d3.ha.aconca,egr..e3.onhe.id. 
. .„.ehise,..alentto.hediameterK0.theres.tore.emen.3..d^.^^^^^^^^ 

„d electricall, comtected to .oth ends of the reststor element 34. T.. 
„,.Hesefirstandseco„d.erminals35and36is.hic.erthan.het„.amc..essV^ 

le resistor element34;theirwidthmise,niv.lenttoorwiderthan.he^*^^^^^^^ 

.,e resistor element 34; and their length w is shorter than the length I. of *e re ts«.r 
„ lis. ..er„standsecond.ermina.33and3«aremadeofmeta.ssnchas 
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copper. sUver, gold, aluminun., copper nickel, o, copper zinc with U,e same or greater 
electrical conductivity than that of the resistor element 34. 

A method for manufacturing the resistor in the sixth exemplary embodiment 
of the present invention as configured above is described next with reference to 

drawings. , j. ♦ 

The manufacturing method of the resistor in the sixth exemplary embodrment 

is the same as that described for the resistor in the fifth exemplary embodiment using 

Fig 8. A metal wire such as of copper-nickel aUoy, nickel-chromium alloy, or 

copper-manganese-nickel alloy is formed into the resistor element 29 having a 

predetermined wire shape and predetermined resistance, calculated from the volume 

resistivity, section area, and length, through a range of processes including divrdmg, 

cutting, and pressing. A detail which differs from the fifth exemplary embodtment 

is that, after forming the resistor elemem 29 as described above, a resistor element 

v„i,e 29 is bent into a cylindrical coU shape, so as to fonn the resistor elemem 34. 

A seventh exemplary embodiment of the present invention is described with 

reference to drawings. 

Fig. 10 (a) is a sectional view, and Fig. 10 (b) is a plan view of a resrstor m 
the seventh exemplary embodiment of the present invention. 

In Figs. 10 (a) and 10 (b), a resistor element 38, made such as of copper- 
nickel aUoy. nickel-chromium alloy, or copper-manganese-nickel alloy , is bent 
symmetrically to the left and right in one plane. First and second terminals 39 and 
40 have a concave groove 41 of the width k which is equivalent to the diameter R of 
; the resistor elemem 38, and are provided and elecrtcally comrected to both ends of 
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the resistor element 38. The thickness t of these first and second terminals 39 and 
40 is greater than the diameter R of the resistor element 38; their width m is 
equivalent to or wider than the width W of the resistor element 38; and their length w 
is shorter than the length L of the resistor element 38. The first and second 
5 terminals 39 and 40 are made of metals such as copper, silver, gold, aluminum, 
copper nickel, or copper zinc with the same or greater electrical conductivity than 

that of the resistor element 38. 

A manufacturing method of the resistor in the seventh exemplary 
embodiment of the present invention as configured above is described next with 

10 reference to drawings. 

The manufacturing method of the resistor in the seventh exemplary 
embodiment is the same as that described for the resistor in the fifth exemplary 
embodiment using Fig. 8. A metal wire such as of copper-nickel alloy, nickel- 
chromium alloy, or copper-manganese-nickel alloy is formed into the resistor element 

15 29 having a predetermined wire shape and predetermined resistance, calculated from 
the volume resistivity, section area, and length, through a range of processes 
including dividing, cutting, and pressing. A detail which differs from the fifth 
exemplary embodiment is that , after forming the resistor element 29 as described 
above, a resistor element wire 9 is bent symmetrically to the left and right in one 

20 plane in accordance with dimensions required for the resistor, so as to form the 
resistor element 38. 

Fi'chth rxr"^r^«^ p-mbodiment 
A resistor in an eighth exemplary embodiment of the present invention is 
25 described below with reference to drawings. 
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Fig 11 (a) is a sectional view. Fig. 11 (b) is a plan view, and Fig. U (c) is a 
sectional view of a .enninal, a key par, of U,e resis.o, in .he eighth exen.plao- 
embodiment of the present invention. 

Figs 11 (a) .0 11 (0. to. and second resistor elements 42and 43 are made 
.^icany o, a copper-niCel alloy wire. niCel-chromium wire, or copper-mangane.- 
lelalloywire. and second terminals 44 and 43 have a concave ^o.^^^^ 

the widti, 1. Which is cnivalen. to tire diameter R of the resrstor elements 42and 43. 
and are provided and e.ecUicaUy comtected to boti. ends of tite resistor elements 
Us ^ethic^esstofthese«rstandsecond.erminals44a„d45.sth.c.er 

^ .hat of the resistor elements 42and 43; their width m is e,ttivalent to or wrder 
::thewidthWoftheresistorelemen.42and43.and«re.lengthwi..or.er*» 

,ke length L of the resistor elements 42and 43. The first and second termmaU 44 

45 are made of metals such as copper, silver, gold, aluminnm. copper mclcel or 
..pperzincwiththesameor greater electHcalconductivitythanthatofthereststor 

elements 42and 43. 

A method for manufac«rring of the resistor in the eighth exemplary 
embodiment of the present invention as confrgured above is described next w.th 

reference to drawings. 

The manufacturing method of the resistor in tire eighth exemplary 
, embodiment is the same as that described for the resistor in the fifth exemplary 
mbodimentusingFig.. A metal wire such as of copper-niCel alloy, n^e 
chromiumalloy.orcopper-manganese.nic.el alloy isformedintoaplura^tyo^^^ 

elements 42and 43 having a predetermined wire shape and prede ermmed 
— .c.culated.om.hevolumeresistivi„ 
5 range of processes including cutting, punching, and pressing. A 
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ftoo. .he fifth exemplary embcdime,. is .ha,, after (orrning .he resis.or e,emen.s 
42and 43 as described above, mese resis.or elemen.s 42and 43 are cc^eced .o .he 
fc. and second .enninals 44 and 45 in a way .ha. *e resis.or e,en,en. 42and 43 do 
no. direcUy and eleCricaUy comae, each o.her. 

Fig. 12 is a side view of a .erminal in anoAer example of .he resistor m *e 
eigh.h exemplary embodimen. of die presen. invention. 

m Fig 12, firs, and second cavities 47 and 48 have a section shape 
e,«ivalen. to ,he firs, and second resisior e.emems 42 and 43 and are formed 
.spectively on .he firs, and second .erminals 44 and 45 ins.ead o,.he concave ^ 
groove 46 of .he widti, k equivalen. .o .he diameter R of the resistor elements 42 and 
43 shown in Fig. H- 

Nimli fr""r'"" fmhodimenl 
A resis.or in a ninti. exemplary embodimen. of ti,e present invention is 
described below wiU. reference to drawings. 

Fig. 13 (a) is a sectional view, and Fig. 13 (b) is a plan view of the resrstor m 
the ninti. exemplary embodiment of the present invention. 

In Figs 13 (a) and 13 (b). a resistor elemem 49 is made typically a sheet or 
strip of copper-nicke, alloy, nickel-chromium alloy, or copper-manganese-mckel ^ 
, Z FUsrandseco„dterminals50and51haveaconcavegroove52ofti.ew.d.h. 

which is eqnivalen. .o .he .o.al titickness T of .he resis.or element 49, and are 

provided and electrically connected to both ends of the resistor element 49. The 

Sickness . of these first and second terminals 50 and 51 is thicker than .he .o.a ^ 
.HicknessTof the resistor e,eme„.49.theirwidthmise,uivalent.o or w,der.^*e 

, wid.h W of .he resis.or elemen. 49; and .heir leng.h w is shor.er .han the lengti. 
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.,e .sis.cr elcen. 49. l^e f„s. and second .enninals 50 and .1 a« .ade of 
„e^3S«c.a.coppe.sUv«,go.d,a.un^un..copp«nic.eUorcopp=,z„^ 

same or greater electrical conductivity than that of the resistor element 49. A 

protective fan. 53, made such as of epox, resin, polyinnde resin, or poly- 
carhodUmideresinisfom,edontheresistorelen.e„.49atanareanotcomtectedto 

the first and second terminals 50 and 51. 

A manuf acnrring method o, the resistor in the ninth exemplary embodtment 
of the presem invention as confr^red above is described next with reference to 
drawings. 

The manufacmring method of the resistor in the ninth exemplary 

exemp.aryembodimen.usingPig.2. More specifrcaUy, a film of epoxy resm, 
polyimide resin, poly-carbodiimide resin, or the lilce is disused to ver„c=.^ 

LLch the resistor element 49, and the protective film 53 is formed on the op, 
rm.andsidefacesoftheresistorelement49hytherm.compress^ — or 

Ultrasonic welding, regardless of the shape of the resistor element, to complete 
resistor in the ninth exemplary embodiment of the present invent.on. 

A resistor in a tenth exemplary embodiment of the presem invention is 

described below with reference to drawings. , . „ , 4 gcUs a 

14 (a) is a sectional view. Fig. 14 (b) is a plan view, and Ftg. 14 8c) 

exemplary embodimem of the presem invention. 
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In Figs. 14 (a) .0 14 (c), a resistor element 54 is made typicaUy of a shape or 
a sttip of copper-nickel alloy, nickel-chromium alloy, or copper-manganese-nickel 
auoy Firs, and second terminals 55 and 56 have a concave groove 57 of the width k 
which is equivalent to the total thickness T of the resistor element 54. and are 
provided and elecrically connected to both ends of the resistor element 54. Tire 
fluckness . of these first and second tenninals 55 and 56 is thicker than the total 
„s T of the resistor element 54; their widU. m is equivalent to or wider than t e 
width W of the resistor element 54; and Ureir length w is shorter than the length L of 
the resistor element 54. TTe fnst and second terminals 55 and 56 are made of 
nretals such as copper. sUver. gold, aluminum, copper nickel, or copper zinc w,th the 
same or greater electrical conductivity than that of the resistor element 54. A 
protective fllm 58, made such as of epoxy resin, polyimide resin, or poly- 
carbodiimide resin, is formed on the resistor element 54 at an area not connected to 
the firs, and second terminals 55 and 56 to achieve the same dimensions as the wtdth 
m and thickness t of the first and second terminals 55 and 56. 

A method for manufacturing d>e. resistor in the tenth exemplary embodmient 
of the present invention as configured above is basically the same as that described 
for the resistor in the first exemplary embodiment using Fig. 2. More specifically a 
film of epoxy resin, polyimide resin, poly-carbodiimide resin, or the Uke is disposed 
. vertically sandwich the resistor element 54. and the protective film 58 is formed on 
.he top. bonom. and side faces of the resistor element 54 by thermo compresston 
bonding or uHrasonic welding, regardless of the shape of the resis.or element, to 
complete the resistor in the tenth exemplary embodiment of the presem invenhon. 

A detail which differs from the nind. exemplary embodiment of the presem 
s invemion is a formation area of the protective fUm 58. The protective film 58 ts 
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, H „« .he resistor element 54 to level with the width m and thickness . of the 
rle— a^SSandS. can he achieved 1. n-al^ns the UUcl^ess 

: roZ^,«si„.po..----'-'--— 

llnceJ.eenthe.opsurface.evelof«.eresis.ore,enten.54and.ops.rface 

T, the r„s. and second temunals 55 and 56. and difference between the lower 
:c:iro.reresis.orelenten.54and,owersnrfacelevelofthe^ 
::;::5::d5.andpress.s*er..n..othesan,e,evelas.hetopandho..onr 

faces of the first and second terminals 55 and 56. 

pi^y^ nt^ ^-Yem rlPT p-mbodimsiit 
A resistor an eleventh exemplary embodiment of the present invention is 

.escribed below with reference to drawi„s=^ ^^^^^^^ ^ 

Fig 15 (a) is a sectional view, and F.g. 15 (b) is a plan 

*e eleventh exemplar embodiment of the present invention. 

,„ Pigs. 15 (a) and 15 (b), a resistor element 59 is made typically of a 
strip Of copper-niCe. alloy, nic.el— m aUoy. or copper-manganese-mc^ 
Z.--econdte,m.als.Oandaihavean.shapesectionfaceand.e 

Jiaedande,ectricanycom,ected.obo.hends„f.heresis.relem^^^^^^^^^^ 

Llmess y of these first and second .ermh«ls 60 and 61 underneath the res s o 
"is greater thanthetMc,messxcontac.i„g«ieendfaceof.heres.sto 

The first and second terminals «, and 61 are made of meta. such as 
element 59. ineiii5>ia • same or greater 

copper, silver, gold, aluminum, copper niCel, or copper zinc with the 
e,ec.ricalconductivitythan.hatof.heresis.orelemen.59. 

A method for manufacturing the resUtor in the eleventh exemplary 
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described for the resistor in the first exemplary embodiment using Fig. 2. However, 
in the eleventh exemplary embodiment, the first and second terminals 60 and 61 
having the L-shape section face are formed instead of the shape of the first and 
second terminals illustrated in Fig. 2 (a). In a process corresponding to Fig. 2 (c), 
the resistor element 59 is placed on the first and second terminals 60 and 61. For 
bonding the resistor element 59 and the first and second terminals 60 and 61, a range 
of methods may be used: (1) welding; (2) brazing after inserting a third conductive 
metal such as copper, silver, gold, tin, and solder between the resistor element 59 and 
the first and second terminals 60 and 61; and (3) applying conductive paste to the 
resistor element 59 and the first and second terminals 60 and 61, and then 
thermosetting after fitting the resistor element 59 into the first and second terminals 
60 and 61. 

Ty/plfth exe mplary embodiment 
A resistor in a twelfth exemplary embodiment of the present invention is 
described below with reference to drawings. 

Fig. 16 is a sectional view of the resistor in the twelfth exemplary 
embodiment of the present invention. 

In Fig. 16, a resistor element 64 is made typically of copper-nickel alloy, 
nickel-chromium alloy, or copper-manganese-nickel alloy. An insulating sheet 65, 
made such as of alumina , glass, glass impregnated epoxy resin, or paper impregnated 
phenolic resin, is attached to the top face of the resistor element 64. First and 
second terminals 66 and 67 have an L-shape section face, and are provided and 
electrically connected to both ends of the resistor element 64. The first and second 
terminals 66 and 67 are made of metals such as copper, silver, gold, aluminum, 
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copper nickel, or copper zinc with the same or greater electrical conductivity than 
that of the resistor element 64. The insulating sheet 65 may also be attached to the 
bottom face of the resistor element 64. 

A method for manufacturing the resistor in the twelfth exemplary 
5 embodiment as configured above is basically the same as that described for the 

resistor in the eleventh exemplary embodiment. However, in the twelfth exemplary 
embodiment, the first and second terminals 66 and 67 having the L-shape section 
face are formed instead of the shape described in Fig. 2 (a). In a process 
corresponding to Fig. 2 (b), a metal sheet or metal strip such as of copper-nickel alloy, 
10 nickel-chromium alloy, or copper-manganese-nickel alloy is formed into the resistor 
element 64 having a predetermined sheet shape and predetermined resistance , 
calculated from the volume resistivity, section area, and length, through a range of 
processes including cutting, punching, and pressing. Then, the insulating sheet 65, 
made such as of alumina, glass, glass impregnated epoxy resin, or paper impregnated 
1 5 phenolic resin, with the same two-dimensional size as the resistor element 64, is 

obtamed by dividing, cutting, punching, or pressing, and the resistor element 64 and 
insulating sheet 65 are pasted. In a process corresponding to Fig. 2 (c), the resistor 
element 64 is placed on the first and second terminals 60 and 61. For bonding the 
resistor element 64 and the first and second terminals 66 and 67, a range of methods 
2 0 may be used: (1) welding; (2) brazing after inserting a third conductive metal such as 
copper, silver, gold, tin, and solder between the resistor element 64 and the first and 
second terminals 66 and 67; and (3) applying conductive paste to the resistor element 
64 and the first and second terminals 66 and 67, and then thermosetting after fitting 
the resistor element 64 into the first and second terminals 66 and 67. 
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A resistor in a thirteenth exemplary embodiment of the present invention is 
described below with reference to drawings. 

Fig. 17 is a sectional view of the resistor in the thirteenth exemplary 
5 embodiment of the present invention. 

to Fig 17. a resistor element 68, made of copper-nickel alloy, mckel- 
chromium aUoy, or copper-manganese-nickel aUoy has a shape that both ends are 
dicker than a cent^ potion, and there is a st^ between the central portion and ends 
(its length-wise secHon face show an H shape). Steps 69 and 70 are provided at 
.0 both ends 71 and 72 which are thicker than a central portion 73 of the resistor 

element 68. Firs, and second terminals 74 and 75 are electrically connected to boti. 
ends of the resistor element 68, and their section face has a one-side open shape. 
Inside the first and second terminals 74 and 75 U wider than openings 76 and 77. 
The first and second terminals 74 and 75 are made of metals such as copper, stiver, 
15 gold, aluminum, copper nickel or copper zinc which have the same or greater 
electrical conductivity than that of the resistor elemem 68. 

in Fig 17, the steps 69 and 70 and the openings 76 and 77 are bent m the 
thickness direction for preventing detachment, however, the direction is not Umited. 
For example, they may be bent vertical against the thickness direction, m number 
20 Of steps and bendings are also not limited. 

A method for manufacturing the resistor in the thirteenth exemplary 
embodiment of the present invention as configured above is basically the same as that 
described for the resistor in the first exemplary embodiment using Fig. 2. A de ta 
which differs is the shape of the material. In a process corresponding to Ftg. (a), 
„ inside of the first and second terminals 74 and 75 is broader than their openings 
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and 77. In a process corresponding to Fig. 2 (b), steps 69 and 70 thicker than the 
central portion 73 are provided at both ends 71 and 72 of the resistor element 68 in 
accordance with the shape of the groove of the first and second terminals 74 and 75. 

f niirteenth eypmplarv embodiment 

A resistor in a fourteenth exemplary embodiment of the present invention is 
described below with reference to drawings. 

Fig. 18 is a sectional view of the resistor in the fourteenth exemplary 
embodiment of the present invention. 

In Fig. 18, an insulating substrate 79 is a sheet of a glass impregnated epoxy 
resin substrate, paper impregnated phenolic resin substrate, or the like. First and 
second terminals 80 and 81 are formed on both ends of the insulating substrate 79 for 
electrically connecting the top and bottom faces of the insulating substrate 79, and 
are made of metals such as copper, silver, gold, aluminum , copper nickel, or copper 
zinc with the same or greater electrical conductivity than that of a resistor element 78. 
A metal layer 82 such as of solder is formed on the top face of the first and second 
terminals 80 and 81. The resistor element 78 made such as of a sheet of copper- 
nickel alloy, nickel-chromium alloy, or copper-manganese-nickel alloy is formed on 
the metal layer 82 in a way to electrically connect the metal layer 82 on the first 
terminal 80 and the metal layer 82 on the second terminal 81 . 

In Fig. 18, the top and bottom faces of the insulating substrate 79 are 
electrically connected by the first and second terminals 80 and 81 on both ends of the 
insulating substrate 79. This may also be achieved by providing the electrodes 
which vertically penetrate through the insulating substrate 79. 



A method for manufacturing the resistor in the fourteenth exemplary 
emb^iiment of the present invention is described next with reference to drawings. 

Figs 19 (a) to 19 (c) are process charts Ulustrating the manufacmring method 
of the resistor in the fourteen^, exemplary embodiment of Ore present invention. 

1, Rg 19 (a), a strip of metal foU pattem typically made of copper. sUver. or 
gold having the same or greater electrical conductivity than that of the resistor 
element 78 is formed on the top, bottom , and side faces of the insulating substra. 79 
n,ade typicaUy of a glass impregnated epoxy resin substrate or paper impregnated 
phenoUc resin substrate. Then, the met^ foU pattern is exposed to the Ught and 
etched to form the firs, and second terminals 80 and 81 with a predetermined shape. 

to Fig. 19 (b). solder paste 82 is screen printed on the top face of the first and 

second terminals 80 and 81. 

to Fig 19 (c). a metal sheet made typically of copper-nickel alloy, mckel- 
chromium alloy, or copper-manganese-nicke, aUoy is formed into the resistor element 
78 having a predetermined sheet shape and predetermined resistance, calculated from 
,he volume resistivity, section area, and length, through a range of processes 
tocludhtg cutting , punching, and pressing. Both ends of the resistor element are 

.0 complete the resistor m the fourteenth exemplary embodimem of the presem 

"""""in the fourteenth exemplary embodimem of the present invention, the resistor 
element 78 and the first and second terminals 80 and 81 are bonded by soldering the 
solder paste 82. This may also be achieved through other methods such as: (1) 
hra^ing after inserting a third conductive me.a, such as copper, silver, gol , tm^ >n 
3 solder between the resistor elemem 78 and the first and second tenntnals 80 and 81, 
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and (2) plating and thermal compression bonding the resistor element 78 and first and 

second terminals 80 and 81. 

For adjusting the resistance of the resistor element in the fourteenth 
exemplary embodiment of the present invention , a through groove may be created on 
5 the resistor element 78 or a part of the surface and/or side of the resistor element 78 
may be cut by laser, punching, diamond wheel cutting, grinding, etching, and so on 
while measuring the resistance between predetermined points or calculating required 
processing after measuring the resistance. The resistance may also be adjusted or 
corrected at the time of forming the resistor element 78. 

10 

Fi ftppnth e x^'t^r'a'^ embodiment 
A resistor in a fifteenth exemplary embodiment of the present invention is 
described below with reference to drawings. 

Fig. 20 (a) is a sectional view. Fig. 20 (b) is a plan view of the surface, and 
15 Fig. 20 (c) is a plan view of the rear face of the resistor in the fifteenth exemplary 
embodiment of the present invention. 

In Figs. 20 (a) to 20 (c), a resistor element 83 is made such as of a sheet of 
copper-nickel alloy, nickel-chromium alloy, or copper-manganese-nickel alloy. An 
insulating substrate 83 is a sheet of a glass impregnated epoxy resin substrate, paper 
20 impregnated phenolic resin substrate, or the like. First, second, third . and fourth 

terminals 85, 86, 87, and 88 are disposed at four comers of the insulating substrate 84, 
in a way to electrically comiect top and bottom faces of the insulating substrate 84, 
and are made of metals such as copper, silver, gold, aluminum, copper nickel, or 
copper zinc with the same or greater electrical conductivity than that of the resistor 
25 element 83. The resistor element 83 is electrically comiected to the surface of the 
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first, second, third, fourth terminals 85, 86, 87, and 88 through a metal layer 89 on 
their top faces. 

In Fig. 20, the first, second, third, fourth terminals 85, 86, 87, and 88 are 
formed at four comers of the insulated substrate 84 so as to electrically comiect the 
top and bottom faces of the insulated substrate 84. This may also be achieved by 
providing the electrodes which vertically penetrate through the insulating substrate 

79. 

A method for manufacturing the resistor in the fifteenth exemplary 
embodiment of the present invention is the same as that described using Fig. 19. 
The difference is that four terminals are formed in the fifteenth exemplary 
embodiment, while two terminals are formed in the fourteenth exemplary 
embodiment. 

.'^i ytPf-Tith ex ^mp^^T embodiment 
A resistor in a sixteenth exemplary embodiment of the present invention is 

described below with reference to drawings. 

Fig. 21 (a) is a sectional view, and Fig. 21 (b) is a plan view of the resistor in 

the sixteenth exemplary embodiment of the present invention. 

In Figs. 21 (a) and 21 (b), a resistor element 90 is made such as of a sheet of 

copper-nickel alloy, nickel-chromium alloy, or copper-manganese-nickel alloy. 

Rectangular parallelepiped first, second, third, and fourth terminals 91, 92, 93, and 94 

are electrically comiected respectively at the top and bottom faces of both ends of the 

resistor element 90. 

A method for manufacturing the resistor in the sixteenth exemplary 
embodiment as configured above is basically the same as that described for the 
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,es..o. in .he &s. exemplary en,b«Un,en, .i„g Fig. 2. In a pr..ess co„espo„d»g 
p. 2 (a) four rec«u,gu,a, pa.ane>epiped tennina. ^ fonned. In a process 

H .o Fi« 2 (c) *e first and UUrd .emnnals 91 and 93 are bonded .0 .he 
::::: r:::les.ore.e.en..,as..proeesses.ch.^^^^^^^^^ 
ldisposin..er..and.hird.ern.a,s.a„d.3on.he.op.ceo,.^^^^^^^ 
..e resistor e,e.e„.90;(2)inser.inga.hirdcondncuven,e.ausnchasco^^^^^^^^^ 

.old .in or solder between .he resistor element and tenninals, drsposmg the first and 
,land,3onthetopfaceofbothen<Uoftheresistorelen.ent^^ 

r • or (3) applying conductive paste to the resistor elen.en, 90 and the t..t and 
™:rri:3,d.pos.g.he.stand.dte^a.9^d..^^^^^^^ 

,aceofbo.hendsoftheresist„relen.ent90,andU>em.oset.mg. "r*-"' 
Int90isn.medover.obondthesecondandfonrthtermina.s9.and9.on.he 

.o„on>faceofbothendsoftheresis.ore.en,en.90«sing*ea,orcnren..^^^^ 

p.ocesses. ^e above opera.ion nray be in,p.en,en.ed a. once to bond^^ . 
Lcond,third,andfourthtern.na.s91,9^93.and94.otheres,s.ore..^^^^^^^^ 

Pig. 22 is a sectional view of another example of *e res^.or n, the srxteenth 

exemplary embodiment of the present invention. 

Le.il Which differs from Pig.21.fig. 22 is .hat the «rst and seco 

.erminals91and92.a„d.hethirdandfonrth.em.inals93and9.areelec.r,caUy 

,0 connected, and each pair of .erminals looks like a single .ermmal. 

.ccording,y,themannfact„ringmethodoftheexam,esho™mF..2^^^^ 

,K3. (« welding a«er disposing *e frrst and third terminals 91 and 93 on the top f ace 
:;:r;softher.istorelemen.90.2>i..e«htgath.dcondnc.iven..ssncha^ 

•1 anld tin or solder between the resistor element and terminals. 
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tesisto, clement 90, and bmzing; or (3) applying conductive paste to the resistor 
element 90 and the first and third terminals 91 and 93, disposing the firs, and third 
terminals 91 and 93 on the top face of both ends of the resistor element 90, and 
thermosetting. When the resistor element 90 is mmed over, after bonding the firs, 
and third .erminals 91 and 93 on the top face of both ends of the resistor element 90. 
,0 bond the second and fourth terminals 92 and 94 on the bottom face of both ends of 
the resistor element 90, the firs, and second terminals 91 and 92, and the third and 
fourth terminals 93 and 94 are simultaneously connected. 

A resistor in a seventeenth exemplary embodiment of the prese« invention is 
described below with reference to drawings. 

Fig. 23 is a sectional view of the resistor in the seventeenth exemplary 

embodiment of the present invention. 

In Fig 23, a resistor element 95, made typically of a sheet of copper-mckel 

alloy nickel-chromium alloy, or copper-manganese-nickel alloy has firs, and second 

notches 96 and 97 provided near bo.h ends. TTese first and second notches 96 and 

97 in the resUtor element 95 are created as a widthwise slit on the resistor element 95. 

Firs, and second .erminals 98 and 99 are made of merals such as copper, silver, gold. 

aluminum, copper nickel, or copper zinc havmg .he same or grea.er elecrtcal 

conductivity than that of .he resis.or elemem 95. 

Firs, and second protntsions 100 and 101 on the first and second termmals 
and 99 have the same or smaller size than that of *e first and second notches 96 and 
97, and they are provided as a widthwise slit on ,he first and second terminals 98 and 

5 99. 
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The flrs. and second .enninals 98 and 99 are disposed a. both ends of the 
r^istor element 95. The firs, notch 96 on the resistor element 95, and the first 
protrusion 100 on the firs, tenninal 98 . and the second notch 97 on the resistor 
element 95 and second protn^ion 101 on Ute second terminal 99 are mechanically 
connected respectively. In addition, the resistor element 95 and the first and second 
terminals 98 and 99 are electricaUy comiected. 

A method tor manufacturing .he resistor in the seventeenth exemplary 
embodiment of the present invention is described next with reference to drawing. 

The manufacmring meUtod of Ute resisror in the seventeenth exemplary 
embodiment of the pr^nt invention is basicaUy the same as that described for the 
resistor in *e flrs. exemplary embodimen. using Fig. 2. However, .he shape of *e 
as. and second .enninals differ from that described in Fig. 2 (a). Tl.e norches 96 

97 are also created on the resistor element 95, which is differen. from the reststor 
element described in Fig. 2 (b). The firs, and second notches 96 and 97 are created 
such as by cuMing and pressing after forming the resistor element 95 wtth a 
predetermined sheet shape and predetermined resistance. In a process 
corresponding to Fig. 2 (c), as shown in Fig. 23, the resistor element 95 is placed on 
.he first and second terminals 98 and 99 in a way that the first notch 96 on the reststor 
element 95 fits with dte firs, protrusion 100 on ttte firs, .erminal 98, and the second 
notch 97 on the resistor element 95 fits with the second protrusion 101 on the second 
.erminal 99. TTen, the resistor element 95 and the first and second terminals 98 and 
99 are bonded and comtected using the next methods: (1) welding. (2) braztng after 
inserting a third conductive metal such as copper, silver, gold, tin, and solder 
between the resistor element 95 and the first and second terminals 98 and 99; and 3) 
. applying conducive pas.e between the resistor element 95 and the fns. and second 



tenninals 98 and 99, and thermosetting after fitting the resistor element 95 into the 
first and second terminals 98 and 99. 

Fiicht^rn^^ (^YP.mplarA^ pmbodiment 
A resistor in an eighteenth exemplary embodiment of the present invention is 
described below with reference to drawings. 

Fig. 24 (a) is a sectional view, and Fig. 24 (b) is a plan view of the resistor m 
the eighteenth exemplary embodiment of the present invention. 

As shown in Fig. 24, a resistor elementl02, made such as of copper-nickel 
alloy nickel-chromium alloy, or copper-manganese-nickel alloy has first and second 
through holes 103 and 104. First and second terminals 105 and 106 have first and 
second protrusions 107 an 108 which can be inserted to the first and second through 
holes 103 and 104, and are made of metals such as copper, sUver, gold, alummum, 
copper nickel, or copper zinc having the same or greater electrical conductivity than 

that of the resistor element 102. 

The first and second terminals 105 and 106 are disposed at both ends of the 
resistor element 102. Tlie first through hole 103 on the resistor element 102. and 
the firs, protrusion 107 on the first terminal 105 , and the second through hole 104 on 
the resistor element 102 and second protrusion 108 on the second termmal 106 are 
mechanically comtected respectively, to addition, the resistor element 102 and the 
first and second terminals 105 and 106 are electrically comtected. 

A manufacturing method of the resistor in the eighteenth exemplary 
embodiment of the presem invention as configured above is described next with 
reference to drawings. 
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Figs. 25 (a) to 25 (e) are process charts illustrating the manufacturing method 
of the resistor in the eighteenth exemplary embodiment of the present invention. 

As shown in Fig. 25 (a), first and second terminals 105 and 106 have first 
and second protrusions 107 and 108, and are made of metal sheet or metal strip such 
5 as of copper, silver, gold, aluminum, copper nickel, or copper zinc with the same or 
greater electrical conductivity than that of the resistor element 102 using processes 
such as cutting, casting, forging, pressing, and drawing. 

In Fig. 25 (b), a metal sheet or metal strip such as of copper-nickel alloy, 
nickel-chromium alloy, or copper-manganese-nickel alloy is formed into the resistor 
10 element 102 having a predetermined sheet shape and predetermined resistance, 

calculated from the volume resistivity, section area, and length, through a range of 
processes including cutting, punching, and pressing. 

In Fig. 25 (c), the first and second through holes 103 and 104 are created in 
both ends of the resistor element 102 using processes such as punching, cutting, and 
15 laser. 

In Fig. 25 (d), the first protrusion 107 on the first terminal 105 is inserted 
into the first through hole 103 on the resistor element 102, and the second protrusion 
108 on the second terminal 106 is inserted into the second through hole 104 on the 
resistor element 102. 

20 In Fig. 25 (e), the first and second terminals 105 and 106 are bent along the 

circumference of the resistor element 102 by pressing to sandwich the resistor 
element 102 in the thickness direction. 

The first and second terminals 105 and 106 may not necessary have the shape 
shown in Figs. 25 (a) to 25 (e). They may just have an opening sufficient for 
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i^ening .ta resistor element 102. and then caulked after inserting the resistor 

element 102 at both ends. 

The resistor element 102 and the first and second terminal 105 and 106 may 
be bonded and connected trsing the next methods: (1) welding; (2) brazing after 

i^rting a third conductive metal such as copper, silver, gold. tin. and solder 
Leenthe resistor elementl02and.hears.andsecondterminalsl05andl0.and 

(3) applying conducUve paste between *e resistor element 102 and fte firs, and 

second terminals 105 and 106. and thermosetting. 

For adjusting the resistance of the resistor in the eighteenth exemplary 
embodiment of the present invention, a through groove may be created on the reststor 
elementl02orapart of the surface and/or side ofthe resistor elemen.102 maybe 

.u. by laser, punching, diamond wheel cntdng, grinding. e.ching. and so on whrle 
^easuringtheresisiancebetweenpredeterminedpotatsorcalcnlaUng^er^^^^^^^ 
processing after measuring the resUtance. m resistance may also be adjusted 
corrected at the time of forming the resistor clement 102. 

In the first exemplary embodiment as described above . the groove 14 of the 
«..andsecond.ermh.alsl2andl3isfi.tedtobothendsoftheresisU,re.n.«U^ 

and then the first and second terminals 2 and 13 are drermaUy pressed m .he efttcal 
, direc.ion,oholdtheresis.orelemen.ll)son.at«.efirstandsecondtermma.l2 

and 13 are disposed a. *e .op and bottom faces of the resistor element 11. As 
.esult. i, has an effect that the resulting resistor may be mounted in eiiher way. 
regardless of Ute surface and rear face of the resUtor. 

,„ .he second exemplary embodiment as described above, a metal sheet 
s corrugated to the thickness direction to form the resistor element 17. An upper Umtt 
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of the resistance of the resistor may be increased by bending the resistor element 17 
in such a way that the length L of the resistor element 17 becomes longer in the 
length direction . On the other hand, a lower limit of the resistance of this resistor 
may be reduced by bending the resistor element 17 in a way that its width W becomes 
5 longer. 

The second exemplary embodiment of the present invention also has the first 
and second terminals 18 and 19 which have the groove 20 of the width k equivalent 
to the thickness T of the resistor element 17. The thickness t of the terminals is 
thicker than the total thickness V of the resistor element 17, their width m is 

10 equivalent to or longer than the width W, and their length w is shorter than the length 
L of the resistor element 17. This enables to make the resistance of the first and 
second terminals 18 and 19 smaller than that of the resistor element 17 by the shape, 
and thus reduces the proportion of the resistance of the first and second terminals 18 
and 19 in the entire resistor. This enables to reduce flucmation in the resistance 

1 5 which is dependant of a resistance measuring terminal on a contact point. 

Furthermore, since a clearance is provided between the resistor element 17 and a 
circuit board, thermal damage to a mounting circuit board due to self heat generation 
of the resistor element 17 is preventable. 

The third exemplary embodiment of the present invention comprises the 

20 metal sheet resistor element 21, insulating sheet 22 disposed at least on one of the top 
and bottom faces of the resistor element 21, and the first and second terminals 23 and 
24 electrically connected to the resistor element 21. The first and second terminals 
23 and 24 have the groove 25 of the width k equivalent to the sum T of the thickness 
Ti of the resistor element 21 and the thickness T2 of the insulating sheet 22, and are 

25 electrically connected to the resistor element 21. The insulating sheet 22 supports 



10 



15 



„. reinforces *e resistor elemen. 21, and improves mechanical strength, thus 
preventing changes in characteristics by deformation. 

Also in the third exemplary embodiment, the first and second termmals 23 
24 have the groove 25 of the width . equivalent to the sum T of the thiclcness 
of .he resistor element 21 and the thickne^ T. of the insulating sheet 22. The 

„„he thicl^ess T. of the resistor element 21 and the thickness T. of the insulatmg 
sheet 22, their widthmis cuivalentto or wider than the widthWof the reststor 

elemen. 21, and their length w is shorter than the length L of the resistor element 2 ^ 
^3 shape enables .0 maKe the resis^ce of the ftrst and second termmals 23 and 
smaUer than that o, the resistor elemen, 21. and thus reduces the proportton of the 
resistance of the firs, and second temrinals 23 and 24 in the entire resistor. 
Accordingly, flucnration in the resistance dependant of a resistance measurmg 
terminal on a contact point may be reduced. Furthermore, since a clearance .s 
provided between the resistor element 17 and a substrate, thermal damage to a 
nronnting substrate due to self heat generation of the resistor elemen. 17 .s 

preventable. . 

The fifth exemplary embodiment of the present invention comprtses 

resistor element 29, and first and second metal terminals 30 and 31 e.eCrrcally 
:nnec.ed.other.istorelemen.2,. Xhe wire resistor element 2. whichas^e 
.lameter grea.er than thic^ess than that of the sheet resistor element ettables to 
obtain the larger resistance than that obtainable with the sheet resistor elemen . It 
mechanical strength can also be reinforced to improve the bending strength 



25 resistor. 



The sixth exemplary embodiment comprises the metal wire resistor element 
34 bem into a cylindrical coil shape, concave groove 37 covering both ends of the 
resistor element 34, and first and second metal terminals 35 and 36 electrically 
comrected to the resistor element 34. The length of the resistor element can be 
made longer by coiling the resistor element 34, and thus an upper Umit of the 
resistance obtained by the resistor element 34 can be increased. 

The seventh exemplary embodiment of the present invention comprises the 
metal wire resistor element 38 bent symmetrically to the left and right in one plane, 
concave groove 41 covering both ends of the resistor element 38, and first and 
second metal terminals 39 and 40 electrically comtected to the resistor element 38. 
Since the metal wire configuring the resistor element 38 is bent symmetricaUy to the 
left and right in one plane, the current direction alternates. This enables to cancel 
the magnetic field generated, and thus reduces magnetic interference of the resistor. 

The eighth exemplary embodiment of the present invention comprises a 
plurality of metal wire resistor elements 42 and 43 which do not directly and 
electticaUy contact, concave groove 46 covering both ends of the resistor elemem 42 
and 43 and first and second metal terminals 44 and 45 electrically comrected to the 
resistor element 42 and 43. The resistor elements 42and 43 are comtected in parallel 
so that the resistance is no, adjusted only by the shape of the resistor element. In 
other words, the resistance is no. directly affected by the dimensions of the resrstor. 
This enables to prevent decrease in the strength due to any change in the shape. 

The eleventh exemplary embodiment of the present invention comprises the 
metal sheet resistor element 59, and first and second metal terminals 60 and 61 
having an L-shape section face disposed at both ends of the resistor element 59 and 
electrically comrected to the resistor element 59. An inner waU of the L-shape first 
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and second terminals 60 and 61 acts as a reference for positioning the first and 
secondtenninals60and61tobothendsoftheresistorelement59. This enables to 
improve the accuracy of connecting position of the first and second terminals 60 and 
61 and the resistor element 59, reducing deviation in resistance. 

Also in the eleventh exemplary embodiment of the presem invention , the 
thickness y of a portion of the first and second terminals 60 and 61 underneath the 
resistor element 59 is made thicker than the thickness x of a portion contacting end 
faces of the resistor element 59, improving heat radiation performance. 

The twelfth exemplary embodiment of the present invention comprises the 
metal sheet resistor element 64, insulating sheet 65 pasted on at least one of the top 
and bottom faces of the resistor element 64, and the first and second metal terminals 
66 and 67 having an L-shape section face disposed at both ends of the resistor 
element 64 and electrically comiected to the resistor element 64. The insulating 
sheet 65 supports or reinforces the resistor element 64. TTiis enables to improve the 
mechanical strength and prevent changes in characteristics due to deformation. 

The thirteenth exemplary embodiment of the present invention comprises the 
resistor element 68 provided with the steps 69 and 70 between the central portion 73 
and both ends 71 and 72 by making the both ends 71 and 72 thicker than the central 
portion 73, and the first and second metal terminals 74 and 75 disposed at both ends 
of the resistor element 68. The first and second metal terminals 74 and 75 have a 
one-end open section face, and their inside is broader than their opening. The steps 
69 and 70 of the resistor element 68 are at least electrically connected to the inside of 
the opening of the first and second terminals 74 and 75. This mechanical 
comiection of the inside of the opening of the first and second terminals 74 and 75 
and the steps 69 and 70 of the resistor element 68 enables to improve the accuracy of 



44 



bonding posWon and rc.i.biU.y of bonding between .he firs, and second .enninals 74 

and 75 and Uie resistor element 68. 

The fourteenth exemplary embodiment of die present invention comprises the 
„.etal sheet resisror elemen. 78, insula.ing subs«a.e 79, and the first and second metal 
S .erminals 80 and 81 formed to elecrtcally connect the top and bo..om faces of the 

insulating substrate 79 at both ends. The resistor element 78 and the first and 
.cond metal terminals 80 and 81 disposed on the top face of dte insulating substrate 
79 are also electrically connected. TUs improves the accuracy of formadon position 
and dimensions of the first and second terminals 80 and 81 to control a comreohon 
,0 area of the first and second terminals 80 and 81 and the resistor elemen. 78, reducmg 
dispersion in resiswnce of the resistor. 

Tie fifteenth exemplary embodiment of ttre present invention compnses the 
„etal sheet resistor elemen. 83, insulating substrate 84,and four metal terminals 85, 
86,87.and88formedtoelec.ricallycom,ectthe.opandbottomfacesof*e 

insulating subsuate 84. Tlte resistor element 83 and the four metal termmals 85 86. 
87 and 8 disposed on the top face of U,e htsula,ing subs.ra.e 84 are also elecmcally 
coimected. Tlus achieves a four-terminal resistor, improving the accuracy of current 

detection. . . 

The sixteenth exemplary embodiment of the present inventton compnses 
,0 „etalresis.ore.ement90andfourmeta.terminals91,92,93,and94. Eachofthe 

terminals 91, 92, 93, and 94 is disposed on and electrically comrected to the top ^d 
bottom faces of both ends of the resistor element 90. ..e four metal termmals 91, 
S2 93 and 94 are thus symmetrically dispose, with the resistor element 90 m 
celter! to the thickness direction o, the resistor elemen. 90. This eliminates the 
25 directivity of the surface and rear face of the resis.or. 
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The sixteenth exemplary embodiment, as shown in Fig. 22, also has the 
terminals 91, 92, 93, and 94 disposed on the top and bottom faces of both ends of the 
resistor element 90, and these terminals are electrically connected to each other. 
These four terminals 91, 92, 93, and 94 are thus disposed symmetrically, with the 
resistor element 90 in the center, to the thickness direction of the resistor element 90. 
This eliminates the directivity of the surface and rear face of the resistor, further 
increasing the terminal volume for improving radiating performance. 

The seventeenth exemplary embodiment of the present invention comprises 
the metal resistor element 95 having the first and second notches 96 and 97 near its 
both ends, and the first and second metal terminals 98 and 99 disposed at both ends 
of the resistor element 95. The first and second terminal 98 and 99 have the first 
and second protrusionslOO and 101 corresponding to the first and second notches 96 
and 97. The resistor element 95 and the first and second terminals 98 and 99 are at 
least electrically connected through the first and second protrusions 100 and 101, and 
the first and second notches 96 and 97. The mechanical connection of the 
protrusions 100 and 101 and the notches 96 and 97 improves the accuracy of position 
and resistance, and reliability of bonding between the resistor element 95 and the first 
and second terminals 98 and 99. 

The eighteenth exemplary embodiment of the present invention comprises 
the metal resistor element 102 having two or more first and second through holes 103 
and 014, and the first and second metal terminals 105 and 106 disposed at both ends 
of the resistor element 102. The first and second terminals 105 and 106 have one or 
more first and second protrusions 107 and 108 with the same shape as the through 
holes 103 and 104. At least one of the protrusions 107 and 108 of the terminals 105 
and 106 is inserted into at least one of the through holes 103 and 104 of the resistor 
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element 102, and at least one face of the tenninals 105 and 106 is electricaUy 
connected to the resistor element 102. The mechanical connection of the 
protrusions 107 and 108 and the through holes 103 and 104 improves ±e accuracy of 
position and resistance, and reHability of bonding between the resistor element 102 
5 and the first and second terminals 105 and 106. 

The manufacmring method of the resistor m the fourteenth exemplary 
embodiment comprises the steps of forming the first and second terminals 80 and 81 
with a metal fofl pattern with a predetermined shape whose top and bottom faces are 
electrically connected to a part of the top, side, and bottom faces of the insulated 
10 substrate 79. This enables to use the thin film formation process such as Ught 
exposure for the metal fofl pattern, and thus the accuracy of shape and formation 
position can be improved. Accordingly, dispersion in the resistance at terminals and 
a connected portion between the terminals and resistor element can be reduced. 

Nineteenth exemplary embodiment 

A resistor in a nineteenth exemplary embodiment of the present 
invention is described below with reference to the drawings. 
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Fig. 26 (a) is a sectional view, Fig. 26 (b) is a plan view, and Fig. 26 
(c) is a sectional view taken along Line A-A in Fig. 26 (a) of the resistor in the 
nineteenth exemplary embodiment of the present invention. 

In Figs. 26 (a) to 26 (c), a resistor element 111 is typically made of a 
sheet of copper-nickel alloy, nickel-chromium alloy, or copper-manganese-nickel 
alloy or combination thereof. First and second concaved terminals 1 12 and 1 13 
have a concave groove 114 of a width k equivalent to the thickness T of the resistor 
element 111. The entire surface of the first and second terminals 112 and 113 are 
coated with a low melting point metal 115 (hereinafter metal 115). 
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The first and second terminals 112 and 113 are electrically connected 
to both ends of the resistor element 1 1 1 in the groove 1 14 through the low melting 
point metal 1 15. The thickness t of these first and second terminals 1 12 and 1 13 is 
thicker than the thickness T of the resistor element 111; their width m is equivalent 
to or wider than the width W of the resistor element 1 1 1 ; and their length w is 
shorter than the length L of the resistor element 111. The first and second 
termmals 112 and 113 are made of metals such as of copper, silver, gold, or 
aluminum with the same or greater electrical conductivity than that of the resistor 
element 111. The metal 115 electrically connects the resistor element 111 and the 
first and second terminals 112 and 113, and the metal 115 on the circumference of 
the first and second terminals 112 and 113 also acts as a connecting material when 
the resistor is mounted on a printed circuit board. Here, the metal 115 refers to 
metals having a melting point of 500 °C or below, such as tin, tin lead alloy, tin 
silver alloy, tin antimony alloy, tin zinc alloy, tin bismuth alloy, silver zinc alloy, 
silver lead alloy, gold tin alloy, or zinc. The use of a metal with a low melting 
point prevents degradation of resistance characteristics due to oxidization of 
terminals or resistor element at connecting the terminals and resistor element, 
which may occur if a metal with a high melting point is used for coating the 
terminals. An insulating protective film 1 16, typically made of epoxy resin, 
polyimide resin, or poly-carbodiimide resin, covers the entire face of the resistor 
element 111 except the first and second terminals 112 and 113. 

A manufacmring method of the resistor in the nineteenth exemplary 
embodiment of the present invention as configured above is described next with 
reference to drawings. 
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Figs. 27 (a) to 27 (b) are process charts illustrating the manufacturing 
method of the resistor in the nineteenth exemplary embodiment of the present 
invention. 

In Fig. 27 (a), first and second terminals 112 and 113 are made of 
metals such as copper, silver, gold, or aluminum with greater electrical 
conductivity than that of the resistor element 1 1 1 using processes such as cutting, 
casting, forging, pressing, and drawing. The first and second terminals 112 and 
1 13 have a groove 1 14 of a width k which is equivalent to or greater than the 
thickness T of the resistor element 111. The thickness t of these first and second 
terminals 112 and 113 is greater than the thickness T of the resistor element 111; 
their width m is equivalent to or wider than the width W of the resistor element 
11 1 ; and their length w is shorter than the length L of the resistor element 111. 

In Fig. 27 (b), the metal 115 is formed on the entire face of the first 
and second terminals 112 and 113, typically by barrel plating. 

In a process shown in Fig. 27 (c), a metal sheet made of copper- 
nickel alloy, nickel-chromium alloy, or copper-manganese-nickel alloy is formed 
into the resistor element 111 by a range of processes including cutting, punching, 
and pressing. The resistor element has a predetermmed sheet shape and 
predetermined resistance, calculated from the volume resistivity, section area, and 
length. 

In Fig. 27 (d), the first and second terminals 112 and 113 are coated 
with the metal 115 and disposed to both ends of the resistor element 11 through 
the groove 1 14, and set on a die for cold forging of the first and second terminals 
112 and 113. 



Then, a wo* piece is loaded to and unloaded fron. an oven held a, 

• t of thP metal 115 (not illustrated) to 
U>e ten^peramre above <he n,e,.„.g pom. of the m m 1 

electrically connect the fnst and second tennmals 112 or 1 
HI through the metal 115. 

Lastly, in Fig. 27(e). the insulated protective film 1 16, made of a 
,■ -^....m oroolv-carbodiimideresin, iscutintoa 
fOm of epoxy resin, polymude resm, or poly ^ 
predetermined shape using processes such as cuttmg, punchy g J 
I ,d on the top and bottom faces of the resistor element 1 1 1 (not tUustra , 
..posed on m 2 „io„Wed on the enure face 

The msulated p oteca^= ^^^^^^ ,.3. 

present invention. 

The Side face of the first and second terminals 1 12 and 1 13, after 

,.A to the resistor element 111. does not necessarUy have a gap or 
.eing connea^ to * re ^^^^ ^ ^^^^^ ^^^^^^ ^ 

5 space as shown in tig. z / . 
state of cold forging. 

f fh^ rp<;istor in the nineteenth exemplary 
For adjusting the resistance of the resistor m in 

K H- .nt of the present invention, a through groove may be created on the 
embodmientoftheprese , of the surface and/or side of the resistor 



If a material with a lower electrical conductivity than the resistor 
elenren. Ill is used for the first and second terminals ,12 and 113 in the resistor as 
^ufacmred above, dispersion in resistance due to variations in the measurtng 
point increases, tnaking it inappropriate for practical use. Accordingly, the first 
, and second termites 112 and 113 are made Ota material having electncal 

conductivity greater than that of the resistor element 111. 

Dispersion in resistance due to the position of the measuring point 
„ay also be reduced by making the thickness . of the first and second terminals 1 12 
and 1 13 thicker than the fliickness T of the resistor element 111. 

Also for suppressing temperamre rise agamst heat generated by 
applying a current, *e thickness t of the first and second terminals 1 12 and 1 13 ts 
preferably made thicker than the thickness T of the resistor element 111. 

The same effects are also achievable when the resistor in the 
nmeteenth exemplary embodiment is manufacmred widr a process shown m Ftg. 27 
. (c) implemented before the process shown m Fig. 27 (a), i.e., in the ^quence of 
ILufLre is Shown as Fig. 27 (c). Fig. 27 (a), Fig. 27 (b). Fig. 27 (d), and F.g. 

27 (e). 

Twentieth exemplary embodiment 

A resistor in a twentieth exemplary embodiment of the present 
.0 invention is described below with reference to drawings. 
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Fig. 28 (a) is a sectional view. Fig. 28 (b) is a plan view, and Fig. 28 
(c) is a sectional view taken along Line B-B in Fig. 28 (b) of the resistor in the 
twentieth exemplary embodiment of the present invention. 

In Figs. 28 (a) to 28 (c), a resistor element 121 is typically made of a 
sheet of copper-nickel alloy, nickel-chromium alloy, copper-manganese-nickel 
alloy, or combination thereof. First and second concaved terminals 122 and 123 
have a concave groove 124 of a width k equivalent to the thickness T of the 
resistor element 1 1 1 . The entire surface of the first and second terminals 122 and 
123 are coated with a low melting point metal 125 such as tin, tin lead alloy, tin 
silver alloy, tin antimony alloy, tin zinc alloy, tin bismuth alloy, silver zinc , alloy 
silver lead alloy, gold tin alloy, or zinc typically by plating. The first and second 
terminals 122 and 123 are electrically comiected to both ends of the resistor 
element 1 1 1 in the groove 1 14 through the metal 125 . 

The thickness t of these first and second terminals 122 and 123 is 
thicker than the thickness T of the resistor element 121 ; their width m is equivalent 
to or wider than the width W of the resistor element 121; and their length w is 
shorter than the length L of the resistor element 121 . THe first and second 
terminals 122 and 123 are made of metals such as copper, silver, gold, or 
aluminum with the same or greater electrical conductivity than that of the resistor 
element 121. The metal 125 electrically comiects the resistor element 121 and the 
first and second terminals 122 and 123. The metal 125 on the circumference of the 
first and second terminals 122 and 123 also acts as a connectmg material when the 
resistor is mounted on a printed circuit board. Except for the first and second 
terminals 122 and 123, insulating protective film 126, typically made of epoxy 
resin, polyimide resm, or poly-carbodiimide resin, covers the entire face of the 
resistor element 121. 
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With reference to drawings 
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rinS »e*od of a,e resistor in me ^venrie* exe»plan- 

c^r^v. a«; cutting, punching, and pressing, duu ^ 
„si„, processes such « 

" 1— ession .n.e. ro for. P— 
protective film is tnerm ^^^^^ ^^^^^^ 

• t r.f thp resistor element 12 1 excepi lui " 
126 on the entire face of the resistor nineteenth 

• 1 122 and 123 A detail which differs in this process from the m 
terminals 122 and 123. Sickness of a fihn is increased for the 

exemplary embodiment process is the thiclcn ss ^^^^ 
p^rposeoflevelingtheinsulatedprotec^^^^^^^^ 
level of the first and second terminals 122 and 123- 
adjusting the shape. 

*e mer^a. compression bonding, *e resistor eiemen. 121 may 
. for a period .o bond .he resistor element 121 to the tnsuiated 
optionally be pressed for a period 

protective film 126, and then the insulated protective flhn .26 may 
„ without applying pressure to accelerate curmg. 

The manufacturing method of the resistor in the nineteenth exemplary 
. ,*eoresent invention comprises a first process of formtng a first 
embodmten. of the present m ^^^^^ 
^ second metal termmals 112 and 113 tn ^^^.^^ 

.eta, terminals with a iow ^'^-:-^>^;Z^ , ereating the 

„ obtain the first and second termmals 112 and IIJ, 
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„e., Sheet resistor element 1 1 1 whose shape is adjusted to obtain a predetetrn^ed 
resistance, and a third process of covering hoth ends of me ^^'^'^^ ^ 
wim the fnst and second terminals 112 and 113 by cold ,org.„g. and e leOrtcaU 
connecting the resistor elen^ent 111 and the first and second temunals .12 ^ 113 
yheatin andcooling. The implementation of the third process enables reducuon 
of contact resistance without deforming the bonded portion which may occur by 
welding Thus me process improves electrical comtectivity between the reststor 
element 111 and the first and second terminals 112 and 113, and eliminates the 
need for forming a bonding material for mounting the resistor onto a prmted 
circuit board after initial coating, thereby improving the productivity. 



Industrial applicability 



,0 



AS described above, the resistor of the present invention comprises a 
Sheet meml resistor element and separate metal terminals electrically connected to 
both ends o, the sheet resistor element. These terminals are made of meml havng 
the same or greater electrical conductivity than that of the resistor element. 

With the above configuration, resistance of the terminals can be made 
smaller than that of the resistor element because the terminals are made of a 
materia, having the same or greater electrical conductivity than that of the res..or 
element This enables to reduce the proportion of resistance of the tenmnals m the 
e«ire resUtor. allowing to ignore its effect on fluctuation of resUtance due to 
deviation in measuring points of a resistance measuring terminal. The present 
invention can thus assure reproducibility of highly accurate measurement of 
resistance, providing the resistor which assures highly accurate measurement of 
resistance even if the measuring point is not precisely placed. 
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What is claimed is: 

1. A resistor conlpnsing: 
a resistor element made of metal sheet; and 

terminals made o! different metal and electrically connected to both 

ends of said metal sheet resistor ilement, 

wherein said termlial is made of a material having electrical 
conductivity not less than that of |aid resistor element. 

2. The resistor as defined in Claim 1, wherein said resistor element is 
corrugated in a thickness dttection of the metal sheet. 

3. The resistor asSlefined in one of Claims 1 and 2 , wherein said 
terminal has a groove of a width e^valent to a thickness of said resistor element, 
and said terminal has a width not les W a wijhofsaid resistor element, and a 
length shorter than a length of said resiW^ent. 



20 



4. A resistor comprising: 
a resistor element made ofWetal>heet; 

an insulating sheet disposedVea^on one of topfoce and bottom 

faces of said resistor element; and 

a terminal having a concave groove of Width equivalent to a sum of 
a thickness of said resistor element and a thickness of s^insulating sheet, said 
terminal being electrically connected to said resistor element. 



• 



f 
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5. The resistor as defined in Claim 4, wherein said terminal has a 
groove of a width Luivalent to the sum of the thickness of said resistor element and 
the thickness of said^msulating sheet , and said terminal has a thickness thicker than a 
of the thickness of said resistor element and the thickness of said insulating sheet. 



sum 
a 



width not less than a vlr^dth of said resistor element, and a length shorter than a 
length of said resistor element. 



resistor 



6. A resistor ipmpnsmg: 
a resistor elemJtnt madepftfeTabwire; and 
a metal terminaWia^mg a concave groove covering both ends of said 
element; said terminal Ang electrically connected to said resistor element. 



7. A resistor Jbompri^g: 

a resistor elehient mad\? of metal wire, said resistor element beiiig bent 

into a cylindrical coil shape; smd 

a metal terminaH^aving aVoncave groove covering both ends of said 
resistor element, said terminal bei^J^tect^^aHreomietaeaT5^ resistor element. 



8. A resistor compnsmg: 

a resistor element made of metal Vire, said resistor element being bent 
symmetrically to the left and right m one plane; at 

a metal terminal having a concave g^ove covering both ends of said 
resistor element, said terminal being electrically connected to said resistor element. 



9. A resistor comprising: 
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a pluraliy of resistor elements made of metal wire, said resistor 
elements being aUgned V to electrically contact each other; and 



a metal tei 
resistor elements, said tei 



.al having a concave groove covering both ends of said 
,al being electrically connected to said resistor elements. 



10 



10 The resistl as defined in one of Qaims 6. 7. 8, and 9, wherein 
.aid.ermina,hasa.ooveof\wid.he,uiva,e„.toooeofathic..essan« 

.aidresistcrelement;saidterrkalhasatMcl.essthic.ertha„atotalt.^^^^ 
.aidresis.orelements,awid.hn\t less thanawidthof said res.s.crelement.anda 

length shorter than a length of sAd resisJpr6lSS5r- 



15 
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11. A resistor cgnnprising: 

a resistor ele/em nAde of metal sheet; and 

a metal terXal disposed at both ends of said resistor element, sard 



terminal being electrically 
section face. 



comiected V said resistor element and having an L shape 



ri^innrwherein a thickness of a 
12 The resistor as debned ta Claim xi, 
p„nionofsaidte™inalundemeathsaidreLorelementisthic.er than that ofa 

portion of said terminal contacting an end u\ of said resistor element. 
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13. A resistor comprising: 
a resistor made of metal sheet: 
an 

said resistor element; and 



•sistor maae oi mciai o...-wv. . 

insulating sheet attached to at leVs. one of top and bonom faces of 



57 



a metal tLninal disposed at both ends of said resistor element, said 
terminal being electrical comxected to said resistor element and having an L shape 

section face. 



U1 



14. A resistor comprising: 

a metal resistor\lement provided with a step between both ends by 
making a thickness of said both\nds thicker than a central portion; and 



a metal terminal d%)Osed at both ends of said resistor element, said 

face with an inner space broader than its 

of said resistor element at least 



terminal having a one-side:5penje(»ion 
10 opening, and being electricaUy conn^tedjo 
at said inner space of the opening 
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15. A resistor comprising: 
a resistor elemeri made of n^tal sheet; 
an insulating substrate; and 

a metal terminal Wed in a w^ to electrically comiect top and 
bottom faces of said insulating suW at bothWds, said terminal on the top face of 
said insulating substrate being electri^^Hy^^onne^ to saidresistor element. 



20 



16. A resistor comprising: 
a resistor element made of metal sheet; ^ 
an insulating substrate; and 
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four metal terminals formed in a way to eWically comiect top and 
bottom faces of said insulating substrate, said terminal onUp face of said insulating 
substrate being electrically comiected to said resistor elemen\ 
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17. The )?sistor as defined in one of Qaims 15 and 16, wherein said 
insulating substrate is on ^ a glass impregnated epoxy resin substrate and paper 
impregnated phenolic resinVibstrate. 

5 \ 

1 8 . A resistor comprising: 

a metal resistor; and 

four metal termin\ls, said terminals being disposed one each on top 
and bottom faces at both ends of s\id resistor ejepentr^d electrically comiected to 
10 said resistor element. 

19. The resistor as cjenAed m Claim 18, wherein a width of said 
terminals are not less than a widt^ of said resistor element. 



15 



20. The resistor 
terminals disposed on top and 



element as defined in Claim 18, wherein said 
ottom facesV both ends of said resistor element are 



electrically connected to each other. 



20 



21. A resistor comprismg: 

a metal resistor element having a nWh near both ends; and 
a metal terminal disposed at both enVs of said resistor element, said 

terminal having a protrusion corresponding to said rfotch; 

wherein said resistor element and saiJuerminal are electrically 

connected at least through said protrusion and said notU. 
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22. A resistor comprising: 

a metal resLr element having at least two through holes; and 
a metal teJU having at least one ptotrasion with a same shape as 

said through holes; 

wherein at leas\ one pn..rusion of said te^inal is inserted to a, leas, 

one through hole of said resistLlement, and at least one face of said termmal .s 
electricaUy comiected to said resistor element. 

23 -nte resistor asifine^^ir^^I^- ^- 

.aid groove o, said terminal has a jf.. shape e<,uivalen. to a secuon face m a 
shorter side of one of said r^istoy^entandasnm of said resistor element and 



insulating sheet , said groove b^g 



ciei 



ited for the number of resistor elements. 



riJ 
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24 The resistof as definedy one of Qaims 1, 2, 4, 6, 7, 8, and 9, 
^Kereinathicl^ess of said te^nalisa.lV..^ee times of that of said resistor 

element. 



25 The resistor as driSdm^SSfSfCwS;^^ 6, 7. 8, 9, 11, 13, 
14, 18, 20, 21, and 22, wherein a second conducVe oretal is interposed be^.een satd 
20 resistor element and said terminal. 



26. The resistor as defined in one 



of kims 1,2, 4, 6, 7, 8, 9, 14, 18, 



20, and 22, wherein a 



protective film is formed on sai)i resistor element. 




^ resistor as defined in Qaim 26, wherein said protective film is 
ttom faces of said terminal, and formed within a width of said 



28. A method for manufact iring a resistor comprising: 
forming a resistor element i nade of metal sheet, said resistor element 
having a shape adjusted to obtain a predet( rmined resistance; 

forming a block of metal te minal having a concave groove; and 
electrically connecting saidlerminal and said resistor element by 



fitting said concave groove 



of said termina^to both ends of said resistor element. 



29. A method for manufacturing a resistor comprising: 
forming a resistor element made of metal wire, said resistor element 
bemg adjusted to obtain a predetermined resistance; 

machining saiAresi^t<jfd^ into a predetermined shape; 
forming a bloc^/ metal terminal having a concave^oove; and 
electrically c<Xe\ting said terminal and said resistor element by 
fitting said concave groove If saidlerminal to both ends of said resistor element. 

30. A methoSj for manuWuring a resistor comprising: 
forming a tenMnal madeW a metal foil pattern with a predetermined 
shape, top and bottom faces of^dteJ^ being electrically comiected to a part of 
top, side, and bottom faces of an inTlIiSHnrWstfateT 

dividing said insulating substrate into a predetermined shape; 



on 
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metal resistor element, said resistor element having a shape 

idjusted to obtain a Wedetermined resistance; 

electrically comiecting said resistor element to the metal foil pattern 

the top face of said insulating substrate. 

31. A method for manufacturing a resistor comprising: 
forming a m\talWstor element, said resistor element being adjusted 

to obtain a predetermined/e^stance; 

forming /blockof metal terminal having at least one protrusion; 
10 creating^ t lea'st Vo through holes at a predetermined position of said 

resistor element; . . j 

inserting ^st onXof said protrusion into at least one of said 

through hole; 

bending an open side o^^aid terminal to hold said resistor in a 

15 thickness direction; and 

electrically comiecting said Jesistor element and said terminal. 

32. The method for maiLfacturing a resistor as defined in one of 
4ms 28, 29, and 31, wherein said teriunal is electrically comiected to both ends of 

20 said resistor element by one of pressingjnd caulking after fitting said concave 
groove to both ends of said resistor element. 

33. The method for manuMiiring a resistor as defined in one of 
Claims 28, 29, 30, and 31, wherein sai/te\ of electrically comiecting said resistor 

25 element and said terminal comprises tile step\ 
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inserLg a metal foU between said resistor element and said terminal; 



and 



20 



connecting said resistor element and said terminal by one of brazing, 
pressing, and ultrasonic Llding said resistor element, metal, and terminal. 

34. The methbd for manufacturing a resistor as defined in one of 
Claims 28, 29, 30, and 31, whL in said^of electrically comxecting said resistor 
element and terminal comprisektlj^teps of: 

coating said at l4t one of said resistor element and terminal with 
metal different from that us^ fo\ forming said resistor element and said terminal; 

comiecting /aid res\stor element and said terminal, after assembling 
coated resistor element anf terming, by one of brazing, pressing, and ultrasonic 
welding. 

35. A method fc^amiikt imng a resisto r comprising: • 
a metal resistor element, Vid resistor element having a shape adjusted 

to obtain a predetermined resistance; 

forming one of a notch and ^oove at a predetermined position of said 



resistor element; 

forming a block of metal termir 



il with a predetermined shape, said 



terminal having at least one protrusion; 

sandwichhJl^idS^^stor elementVith said terminal, and inserting 

said protrusion mto one of said notch and groove; W 

electrically connecting said resistor eWnt and said terminal. 



25 
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36. A\ethod for manufacturing a resistor comprising: 
a resistok element made of metal sheet, said resistor element having a 
shape adjusted to obtain\ predetermined resistance, and having one of at least two 

through holes, notches^^dpves^d cavities; 

formin^i^Sinal made of metal strip, said terminal being one of 
sandwiched and folded on tol bottom, and side faces at both ends of said resistor 
element, and a part of metal bLg inserted and fixed to one of said through holes, 
notches, grooves, and cavities oV said r^i^tereieHient; and 

electrically conne\ting^id resistor element and said terminal. 



37. A resistor ccJmpnsmg: 

a resistor elen/ent made of metal sheet; 



a concave tenUnal wh\se entire face is coated with metal having a 
low melting point, said termL being kposed at both ends of said resistor element 
through a groove of said termiik^^ndb^ comxected to said resistor 

element through said metal having al^^T^^ said grove; and 

an insulating film covering e\tire face of said resistor element 

excluding said terminal. 

38. The resistor as defined in Qa^ 37, wherein said terminal has a 
thickness thicker than a thickness of said resistor ^ent, a width not less than a 
width of said resistor element, and a length shorter tK^n a length of said resistor 
element. 
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39 The rekistor as defined in one of Qaims 37 and 38. wherein 
e,ec«ica. conductivity of Id .ennina. is greater than electrical conductivity o, said 
resistor element. \ 

40 TheresUtoi\defmedinaaim37,whereinathicknessofsaid 
insulating protective filn, is level\with top and .o„o„ faces of said tennina,. and a 
width of said insulating protective ^ is within a width of said temunal. 

41. A method for manWmring a resistor comprising: 
a first step of formin/a\erminal by processing a^oncave metal 
. „„ ,nrire f^e of ^d terminal with metal having a low 
terminal and then coatmg entire race oi swu lei 

"'"^"'\seconds.epofLgaLtorelemen.madeofme.alshee.who. 

shape is adjusted to obtain a pred^nnined distance; 

a third step of electnWg A^^g 
rerminal by cold forging said terminal aftJ^TvU "oth en^f said resistor 
elemem with said tenninal, heating, and coolingA 

. fourth step of forming an insulatinWective film havmg a 
face of said resistor eW '^""^"^^^ 



0 



a 

predetermined shape on entire 

42 m method for manufacturing a resisW as defined in Claim 41, 
.Herein said first step of forming said terminal is impleme\ted after said second step 
of forming said resistor element. 



43. The metti^3lor manufacturing a resistor as defined in Qaim 41, 
wherein a step of trim^gipsistor element is added between said third step of 
electricaUy connecting said rkistor element and said terminal, and said fourth step 
forming said insulating piQte£HP^^™- 



ABSTRACT 



The present invention relates to the resistors used for detecting current in a 
current-carrying circuit as a voltage, and aims to provides a resistor which assures 
highly accurate measurement of resistance even if the measuring point is not 
precisely placed. To obtain the above purpose, the resistor of the present invention 
comprises a sheet metal resistor element (11) and separate metal terminals (12),(13) 
electrically com^ected to both ends of the sheet resistor element(ll). These terminals 
(12),(13) are made of metal having the same or greater electrical conductivity than 
that of the resistor' element (ll).With the above configuration, resistance of the 
terminals can be made smaller than that of the resistor element. This enables to 
reduce the proportion of resistance of the terminals in the entire resistor, allowing to 
ignore its effect on fluctuation of resistance due to deviation in measuring points of a 
resistance measuring terminal. 



